Obesity is a major health problem in the United States and a growing concern among members of the military. Posttraumatic stress disorder (PTSD) has been associated with overweight and obesity and may increase the risk of those conditions among military service members. Disordered eating behaviors have also been associated with PTSD and weight gain. However, eating disorders remain understudied in military samples. We investigated longitudinal associations among PTSD, disordered eating, and weight gain in the Millennium Cohort Study, which includes a nationally representative sample of male (n = 27,741) and female (n = 6,196) [2007][2008]. Structural equation modeling results revealed that the association between PTSD and weight change from time 2 to time 3 was mediated by disordered eating symptoms. The association between PTSD and weight gain resulting from compensatory behaviors (vomiting, laxative use, fasting, overexercise) was significant for white participants only and for men but not women. PTSD was both directly and indirectly (through disordered eating) associated with weight change. These results highlight potentially important demographic differences in these associations and emphasize the need for further investigation of eating disorders in military service members. binge eating; eating disorders; military; obesity Abbreviations: PTSD, posttraumatic stress disorder; SEM, structural equation model.
for lifetime PTSD (16, 20) . Although eating disorders, particularly anorexia nervosa and bulimia nervosa, are more common among women, men experience higher rates than previously believed (21) . There have been few studies in which researchers have investigated PTSD among men with eating disorders, but Mitchell et al. (19) found that 67% of men with bulimia nervosa and 24% of men with binge eating disorder in the National Comorbidity Survey Replication had lifetime PTSD. This association was seen in a cross-sectional study, so the temporal order is unknown.
To date, there have been relatively few investigations of eating disorders among military populations. However, the prevalence of eating disorders appears to be at least as high in military samples as in civilian samples; for example, the weighted prevalence of eating disorders in the nationally representative Millennium Cohort Study was 3.1% (22) . In addition, extant evidence suggests that the incidence of newly diagnosed eating disorders among military personnel increased between 1998 and 2006, from 2.3 to 4.1 cases per 1,000 service members (23) . New-onset eating disorders in the Millennium Cohort Study were associated with a history of a mental health disorder, being on a special diet for weight loss, and combat exposure among women. Among men, new-onset eating disorders were associated with history of a mental disorder and being on a diet (24) . Thus, strict weight and physical fitness requirements, as well as higher rates of trauma, PTSD, and depression (13) , might increase the risk of disordered eating among service men and women. Further, a recent investigation in the Millennium Cohort Study found that PTSD was associated with weight gain and the development of obesity over a 3-year period (25) .
The exact mechanisms that link PTSD with increased weight are unknown and likely involve interplay among a variety of biological and psychological factors. Development of disordered eating may be 1 such pathway. For some individuals with PTSD, eating disorder symptoms may be used as a means to distract from or cope with negative affect and reminders of the trauma (18, 26) . Binge eating disorder, which has been found to be associated with PTSD (19) , is more common among overweight or obese adults. As many as 30%-90% of individuals who are overweight engage in binge eating (27) . There have been a limited number of studies in which researchers have investigated the prospective association between binge eating and weight gain. Research conducted among children, adolescents, and adults suggests that binge eating with a loss of control and the inability to control eating (hereafter referred to as loss-of-control eating) are predictive of greater weight gain (28) (29) (30) . Taken together, these findings underscore the public health significance of binge eating and the importance of addressing the comorbidity of PTSD and disordered eating.
However, there have been relatively few large longitudinal studies of the long-term effects of binge eating, and the majority of the study samples were composed of middle-class European Americans (28, 29, 31, 32) . Thus, it is unclear whether the results generalize to racial/ethnic minorities or populations with lower overall socioeconomic status. Associations among binge eating, PTSD, and weight gain remain understudied in men (19) and populations of diverse racial/ ethnic backgrounds.
The Millennium Cohort Study offers a unique opportunity to investigate these important associations in a large, racially diverse sample of men and women (33, 34) . The Millennium Cohort Study enrolled a nationally representative sample of US military service members in 2001 with the goal of following them through and beyond their service, for up to 21 years (34) . In the present study, we hypothesized that male and female military service members with PTSD at baseline (time 1; 2001-2003) would have higher rates of disordered eating behaviors at time 2 (2004-2006) and greater weight change from time 2 to time 3 (2007-2008) than would service members without PTSD. We also tested a longitudinal structural equation model of PTSD, disordered eating behaviors, and weight gain in order to test our hypothesis that disordered eating at time 2 would mediate the relation between PTSD at time 1 and weight change from time 2 to time 3.
METHODS

Study population
In 2000, a population-based sample was randomly selected from all active military rosters. A total of 77,047 personnel enrolled in the first panel of the Millennium Cohort Study and completed the baseline survey (2001) (2002) (2003) ; 55,021 of these individuals completed a follow-up questionnaire (2004) (2005) (2006) , and 54,790 completed a second follow-up questionnaire (2007) (2008) . Because our aim in the present study was to examine a longitudinal sequence of PTSD, newonset binge disordered eating, and subsequent weight gain, only participants with all 3 data points were included in these analyses. Women who reported on any 1 of the 3 questionnaires that they were pregnant or had given birth within the previous 3 years were excluded from analyses. Participants who reported disordered eating behaviors at time 1 were excluded from analyses. The final analysis sample included 6,196 women and 27,741 men (total n = 33,937). The Naval Health Research Center Institutional Review Board approved this study.
Measures
Demographic information, including sex, birth date, race/ ethnicity, educational level, marital status, branch of service, service component, rank, military occupation, and deployment, was obtained from the Defense Manpower Data Center. Participants completed paper or online questionnaires that assessed demographic, military, and health information, including PTSD, eating disorder symptoms, height, and current weight. The questions on eating disorder items included 8 from the Patient Health Questionnaire (35) that are used to assess symptoms of bulimia nervosa and binge eating disorder. These items have been validated as a screening measure for bulimia nervosa and binge eating disorder (36) . Loss-ofcontrol eating was identified by asking the question, "Do you often feel that you can't control what or how much you eat?" Binge eating was determined using the question, "Do you often eat, within any 2-hour period, what most people would regard as an unusually large amount of food?" Compensatory behaviors are those performed in order to avoid 34 Mitchell et al. gaining weight any time over the last 3 months and were identified by the sum of "yes" responses to any of the questions about engaging in 4 compensatory behaviors listed on the survey (self-induced vomiting, use of laxatives, fasting, or overexercising). Eating disorder symptoms were assessed at baseline (time 1), the first follow-up (time 2), and the second follow-up (time 3). Binge eating, loss of control, and compensatory behaviors from time 2 were included as measured variables in the structural equation models, as described below.
The 17-item PTSD Checklist-Civilian version (37) , which corresponds to criteria in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (38), was used to evaluate PTSD symptoms. The PTSD Checklist is used to assess symptoms experienced within the past month and has been validated as a screening measure of PTSD. PTSD Checklist data at time 1 were included in the present analyses. A positive screen for PTSD was identified by applying the sensitive criteria, which are based on the definition of PTSD in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision, that is, endorsement of 1 intrusion item, 3 avoidance items, and 2 hyperarousal symptoms (38) . This dichotomous PTSD variable was used in descriptive analyses to compare rates of disordered eating and weight gain in individuals with and without PTSD. In the structural equation models, 3 parcels were created by summing PTSD Checklist items assessing the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition symptom clusters re-experiencing, hyperarousal, and avoidance/numbing (38) ; these served as indicators of the latent PTSD variable.
Weight change between times 2 and 3 was parameterized for descriptive statistics as 1) did not gain more than 5% of time-2 weight, 2) gained 5%-10% of time-2 weight, or 3) gained more than 10% of time-2 weight. Continuous weight change from time 2 to time 3 was included in structural equation models, which were controlled for body mass index at time 1.
Psychiatric comorbidity was assessed with the Patient Health Questionnaire (35) , which measured depression, panic, and anxiety. Alcohol use was assessed using the CAGE questionnaire (named after questions focused on cutting down, annoyance by criticism, guilty feeling, and eye-openers) (39) , with a score of 1 or more indicating problematic drinking. Status as a nonsmoker, past smoker, or current smoker was determined using self-reported lifetime smoking status and previous success of cessation attempts. Participants were asked whether they had ever personally experienced sexual and/or violent physical assault, and the answers were coded as yes or no for descriptive analyses. Demographic characteristics, including sex, race, birth year, service branch, service component (active duty vs. Reserve/National Guard), rank (enlisted vs. officer), separation status, educational level, marital status, and occupation were also assessed.
Statistical analyses
To evaluate whether the hypothesized relationships were supported by the data, we first examined each bivariate association. χ 2 tests were used to describe associations among PTSD, psychiatric variables, and demographic variables at time 1 and eating disorder symptoms at time 2, as well as associations among PTSD, psychiatric variables, and demographic variables at time 1 and categories representing weight change between time 2 and time 3. Demographic variables were included in later models as covariates, as described below.
To address the primary objectives, a series of structural equation models (SEMs) assessing associations among PTSD, disordered eating, and weight change were estimated using Mplus, version 5.2 (40) . SEM has the advantage of simultaneously estimating paths among multiple constructs while modeling measurement error. Mean-and varianceadjusted weighted least squares estimation was used because some endogenous variables in the model were categorical. The comparative fit index, the Tucker-Lewis index, and root mean square error of approximation were used to assess model fit. The χ 2 difference test was used to compare "nested" models, with and without a direct path from PTSD, to weight change. A significant χ 2 indicates that dropping a path significantly degrades model fit and that the path should be retained.
SEMs were estimated in the total sample and also were stratified by sex, race, and service branch. Multigroup SEMs, which determine whether paths differ significantly across groups, were not estimated because of the widely varying sample sizes across groups.
All procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. This research was conducted in compliance with all applicable federal regulations governing the protection of human subjects (ProtocolNHRC.2000.0007).
RESULTS
Descriptives
Of the 77,047 participants recruited into the initial panel, 30,610 did not respond at time 2 or time 3. An additional 8,713 participants reported binge eating symptoms at time 1; 2,783 female participants reported having recently given birth or being pregnant on at least 1 of the 3 surveys; and 1,004 provided insufficient data, yielding a final sample of 33,937. These participants were largely male (82%), nonHispanic white (72%), in the Army (46%), and enlisted (70%), with an average age at selection into the cohort of 36.0 (standard deviation, 8.9) years. Tables 1-4 include associations among PTSD, psychiatric variables, and demographic variables at time 1 and binge eating at time 2 (Table 1) , loss-of-control eating at time 2 (Table 2) , compensatory behaviors at time 2 (Table 3) , and weight status at time 3 (Table 4) . PTSD was associated with binge eating symptoms at time 2; rates of time-1 PTSD were higher among women (6.6%) and men (5.0%) who reported binge eating at time 2 than among women (2.3%) and men (2.1%) who did not report binge eating at time 2 (all P < 0.001). Further, PTSD also was associated with loss-of-control eating at time 2; 4.6% of women and 5.0% of men who reported loss-of-control eating at time 2 also reported PTSD at time 1, compared with 2.3% of women and 2.0% of men who had not reported loss-of-control eating at time 2 (all P < 0.05). Depression and anxiety at time 1 were associated with binge eating and loss-of-control eating at time 2 among both women; history of trauma at time 1 was associated with binge eating and loss-of-control eating at time 2 among men and with loss-of-control eating among women at time 2 (all P < 0.05). PTSD, problematic alcohol use, smoking, trauma history, depression, panic, and anxiety at time 1 were associated with use of compensatory behaviors at time 2 for both women and men (all P < 0.05). PTSD, smoking, depression, panic, and anxiety at baseline were associated with weight change from time 2 to time 3 for both men and women (all P < 0.05). Endorsement of at least 1 type of compensatory behavior at time 2 also was associated a Persons with missing data for independent variables were not included. b Significant χ 2 test (P < 0.05) for women. c Significant χ 2 test (P < 0.05) for men. d Deployment experience was measured between baseline and the first follow-up survey participants. Participants were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or witnessing instances of physical abuse, dead and/or decomposing bodies, maimed soldiers or civilians, or prisoners of war or refugees at follow-up.
e Separation status reflects whether participants left military service between their baseline and first follow-up survey. f Values are expressed as mean (standard deviation). with weight change from time 2 to time 3 for men (P < 0.001) and women (P < 0.05).
Structural equation model results
All models provided acceptable fit to the data (fit statistics are presented in Table 5 ). For the unconditional model (model 1), in the total sample, PTSD at time 1 was positively associated with loss-of-control eating, binge eating, and compensatory behaviors at time 2 ( path coefficients are presented in Figure 1 ). Only compensatory behaviors were related to subsequent weight change between times 2 and 3. In addition, there were significant total (95% confidence interval (CI): 0.03, 0.06) associations between PTSD and weight a Persons with missing data for independent variables were not included. b Significant χ 2 test (P < 0.05) for women. c Significant χ 2 test (P < 0.05) for men. d Deployment experience was measured between baseline and the first follow-up survey participants. Participants were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or witnessing instances of physical abuse, dead and/or decomposing bodies, maimed soldiers or civilians, or prisoners of war or refugees at follow-up.
e Separation status reflects whether participants left military service between their baseline and first follow-up survey. f Values are expressed as mean (standard deviation). a Persons with missing data for independent variables were not included. Compensatory behaviors were defined as exhibiting at least 1 symptom (self-induced vomiting, use of laxatives, fasting, or overexercise).
b Eighty-one participants were missing data on compensatory behaviors. c Significant χ 2 test (P < 0.05) for men. d Significant χ 2 test (P < 0.05) for women. e Deployment experience was measured between baseline and the first follow-up survey participants. Participants were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or witnessing instances of physical abuse, dead and/or decomposing bodies, maimed soldiers or civilians, or prisoners of war or refugees at follow-up.
f Separation status reflects whether participants left military service between their baseline and first follow-up survey. g Values are expressed as mean (standard deviation). change, such that higher levels of PTSD symptoms at time 1 were related to greater weight change between time 2 and time 3. In order to determine whether the direct path from PTSD to weight change contributed significantly to the fit of the model, we estimated model 2 without this path. The results revealed that excluding the direct path from PTSD to weight change significantly degraded the fit of the model (Δχ 2 = 82.75; Δdf = 1; P < 0.001).
We re-estimated model 1, controlling for all potential covariates (model 3): sex, race, birth year, service branch, service component, rank, separation status, educational level, military occupation, alcohol misuse, smoking status, history of trauma, deployment history, and screens for panic disorder, anxiety, and major depression. Because of misfit, correlations were added between the 4 mental health disorders (PTSD, anxiety, major depression, and panic disorder). The pattern of significance did not change. Because of the relatively negligible changes in model results due to the addition of the covariates, the more parsimonious model 1 was retained for further analysis.
In secondary analyses, model 1 was then stratified by sex, race, and service branch (see Web Table 1 , available at http:// aje.oxfordjournals.org/). There were few differences in the patterns of significance for men and women, with the exception of the path from compensatory behaviors to weight change, which was significant for men (P = 0.03) but not women (P = 0.29). In addition, the indirect association of PTSD and weight change was significant only via compensatory behaviors in men (95% CI: 0.001, 0.017) but not women (95% CI: −0.002, 0.007).
Similarly, when models were stratified by race, the pattern of significance was comparable for whites, blacks, and persons of other races/ethnicities. However, the path from compensatory behaviors was significant only for white participants (P < 0.001), as was the indirect association of PTSD and weight change through compensatory behaviors (95% CI: 0.002, 0.013). The direct path from PTSD to weight change was significant for white participants (P < 0.001) and participants of other races/ethnicities (P = 0.01) but not for black participants (P = 0.10). In models stratified by service branch, the paths from PTSD to binge eating and PTSD to compensatory behaviors were significant for Army, Navy, and Air Force members (all P < 0.001), but not for Marines (P = 0.53 and 0.06). The association between compensatory behaviors and weight change was marginally significant only for participants in the Navy (P = 0.045). The direct association between PTSD and weight change was significant only for members of the Army (P < 0.001) and Air Force (P = 0.01).
DISCUSSION
We found that PTSD was both directly and indirectly (through the use of compensatory behaviors) associated with weight change in a nationally representative sample of male and female service members. Contrary to expectations, binge eating and loss of control were not associated with subsequent weight change. These findings align with those of previous studies which have shown positive associations between PTSD and body mass index and/or obesity in military and civilian populations (25, 41) . In addition, the present results corroborate extant findings demonstrating higher rates of PTSD among individuals with eating disorders (18, 19, 24) and linking disordered eating with weight gain over time (28) (29) (30) . Further, because PTSD preceded the onset of disordered eating symptoms within the SEM, the present results suggest there was temporal precedence of PTSD to disordered eating in this sample.
Eating disorders remain understudied among men in general, as well as among both male and female military and veteran samples. The association between compensatory behaviors and weight gain was significant and positive for both men and women. However, we found that the path from PTSD to compensatory behaviors and the indirect path from PTSD to weight change via compensatory behaviors were significant among men but not among women. These findings suggest that although PTSD is associated with eating disorders and body mass index among both men and women (19, 25) , there may be important sex differences in the pathways responsible for the associations among these constructs. Similarly, the indirect association between PTSD and weight change via compensatory behaviors was significant for white participants and participants of other races but not for black participants, which highlights the potential racial differences in the mechanisms by which PTSD may impact weight change over time.
Because the majority of the sample was white and male and a large proportion had served in the Army, conducting multigroup SEMs to statistically compare subgroups was not recommended (42) . The present study was further limited by the use of the relatively brief self-report survey, which was necessary in an epidemiologic study of this size. In addition, our creation of a sum score representing compensatory behaviors, although consistent with previous research demonstrating that engaging in multiple behaviors is associated with more psychopathology relative to endorsement of only 1 behavior (43) , is limited in that it weights all behaviors equally. Further, the magnitudes of paths among PTSD, disordered eating, and weight change were relatively small, suggesting that variables not included in the model explain much of the variance in weight gain over time. This is not surprising, given the complexity of weight change and the many potential factors that contribute to weight gain. We demonstrated that PTSD predisposes individuals to disordered eating symptoms, but the reverse path-disordered eating predicting new-onset PTSD-was not tested and may also occur. Further, as is the case in the vast majority of statistical analyses, the proposed causal relationships cannot be conclusively determined because of the possibility of a third unmeasured variable causing the associations despite support from the model.
Nonetheless, the present study has many strengths. We used a large, nationally representative sample of military service members who participated in up to 3 waves of data collection. Moreover, our sample had a sizable number of non-whites and included more participants of lower socioeconomic status than did previous longitudinal studies of binge eating. Eating disorders have been investigated previously in only 2 nationally representative samples of military members, including the Millennium Cohort Study (23, 24) , which underscores the need for further epidemiologic study of these pernicious constructs in underserved groups.
Our findings highlight the complexity of relationships among PTSD, disordered eating, and weight change among both women and men. Given the high rates of overweight and obesity in the United States (2), it appears to be increasingly difficult for recruits to meet strict military weight and physical fitness requirements (6, 7). The early phase of military life may be a particularly vulnerable time for development of an eating disorder, given associations between being on a weight loss diet and development of eating disorders in this population (24) . High rates of trauma and PTSD may serve to further heighten the vulnerability of military members to disordered eating. Finally, recent findings have suggested that the incidence of eating disorders has increased over time in the military (23), further emphasizing the need for research and treatment efforts in both male and female service members. The views expressed in this article are those of the authors and do not reflect the official policy or position of the Department of the Navy, Department of the Army, Department of the Air Force, Department of Defense, Department of Veterans Affairs, or the US Government. Approved for public release; distribution is unlimited.
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